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1 Introduction

Mesh generation is a key issue in the numerical solution of partial differential
equations (PDEs) for both finite element methods (FEMs) and computational
fluid dynamics (CFD). This paper proposes a new method for quadrilateral
(dominant) surface mesh generation, primarily aimed at CFD. Our method
is based on the idea of surface mosaics [1, 2] from the computer graphics
community—by analogy with Roman mosaics, surface mosaics cover an ar-
bitrary surface, instead of images [3], with small square tiles. An algorithm
in [1] shows how to generate equal-sized rectangular tiles over a 3D model
(represented as a triangulated surface mesh) so as to almost cover it, with-
out overlaps. The orientation of the tiles is controlled by a vector field which
is interpolated from a few input control vectors. Fig. 1 gives an example of
this output surface mosaics on a wing section model (m6). Taking such a sur-
face mosaic as input, an initial quad mesh is generated by connecting the tile
centroids, taking into account both distances and angles between adjacent
centroids (Sec. 2). This strategy results in quad elements with good shape
and which are well aligned with a vector field interpolated from the input
control vectors (and hence features of the geometry, if control vectors are in
agreement), properties which are highly desirable for downstream analysis.

A small number of non-quad elements is also generated; post-processing
(hole-filling and cleanup) is applied to eliminate these where appropriate
(Sec. 3). Various techniques exist [4, 5] to fill holes. We simply use certain
patterns to replace the holes—most holes typically are one of a few kinds.
To cleanup the mesh, our approach searches for problem patterns, following
those in [8], although we have modified their approach somewhat, allowing us
to take the vector field into account.

There are many mesh generation methods available. The three main ap-
proaches unstructured mesh generation include the octree approach, the ad-
vancing front approach and the Delaunay approach. Please refer to [6] for
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Fig. 1. An example of surface mosaics. Fig. 2. Our connecting strategy.

an extensive review. Surface mosaics seem promising for mesh generation be-
cause: firstly, in an ideal case, both the centroids of the tiles in a surface
mosaic, and the mesh points in surface mesh generation ideally should be
distributed on a regular grid. Secondly, the ability to align the grid with key
features of the target model is desirable in both applications. The mesh gener-
ated by our approach is not fully quadrilateral, but it has a good performance
in terms of quad element quality and alignment to the preferred directions.

2 Connection strategy

The connection stage builds a mesh from a surface mosaic. Our algorithm
considers each tile in turn and the one currently being considered is referred
to as the key tile. In Fig. 2, tile 0 is a key tile. For each key tile, our algorithm
determines the 8 nearest neighbouring tiles of a key tile, considering only tiles
whose normal vectors are roughly in the same direction for robustness. Tile i
(i = 1, 2, . . . , 8) are the neighbours of the key tile in Fig. 2.

Three steps are used to connect a key tile to appropriate neighbours:

• Find all neighbours within a certain distance.
• In each direction (‘up’, ‘down’, ‘left’ and ‘right’, as decided by the orien-

tation of the key tile), select exactly one neighbour.
• In each direction, connect the key tile and selected neighbour to generate

an edge of the mesh, if and only if the relationship between these two tiles
satisfies certain angle and distance constraints.

The distance constraint simply ensures that the distance between the tile and
the neighbour should be less than some maximum allowed length L. The angle
constraint ensures that the angle between the line joining the centroids of the
key tile and its neighbour, and either local coordinate direction given by the
vector field, is less than a maximum allowed angle θ. Suitable values for L
and θ will be discussed in Sec. 4.

Fig. 3(a) shows an intermediate mesh produced using the above connection
strategy for a wing section model. No optimization has yet been applied. The
mesh contains polygonal holes as well as triangle elements. Further operations



Mesh Generation Based On Surface Mosaics 3

are now applied to fill in the holes, followed by topological cleanup to reduce
the numbers of triangles.

3 Post-processing

(a) Before optimization (b) After optimization

Fig. 3. Output mesh of our approach (close-ups are shown in the bottom).

To fill in the holes, the patterns used are illustrated in Fig. 4, where the
top row shows patterns detected in the initial mesh, and their replacements
are shown in the bottom row. In our current software, holes which do not
fit the patterns can either be left untouched, or filled with triangles using a
trivial strategy, depending on downstream requirements.

After hole filling, further topological cleanup is applied to reduce the num-
ber of triangles. More specifically, we use a local window to search for and
replace several particular patterns, in particular those in Fig. 5 (Fig. 5(a) and
(d) are similar to ones in [8]). We consider the local direction of the vector
field for the pattern in Fig. 5(b). Note that these pattern replacement opera-
tions can be applied in various different orders. The order we use is to cycle
over all elements, first fixing (b), then (c), (a) and (d) in turn; two iterations
of this process are applied for topological cleanup.

This optimisation step removes the majority of non-quad elements (see
Sec. 4), while the property that edges are well aligned with the vector field is
largely preserved. However, some non-quad elements still exist, as the number
of patterns used to replace holes is limited. We intend to investigate further
patterns and rules in future.

4 Results

The quality metrics used are the following:
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Fig. 4. Patterns used to replace
holes.

Fig. 5. Topological cleanup operations.

Fig. 6. Mesh quality, Qr changes with angle tolerance θ (left), and L (right).

• The ratio Qr = nq/ne, where nq is the number of quads in the mesh
and ne is the number of total mesh elements. When we calculate Qr, any
remaining polygonal holes are simply covered with triangles.

• The shape measures Qg = β1hmaxhs/Smin for quads (1 for squares) and
Tg = β2h

2
s/S for triangles (1 for equilateral triangles) (see [7] for details).

The average of Tg in all our tests is between 0.91 and 0.93, which means
the average quality of triangles is quite high.

4.1 Sensitivity to parameters

In this section, all results relate to final meshes after topological optimization.
Fig. 6 shows how quality measure Qr changes with angle tolerance θ (L

is fixed at 1.6) and L (θ is fixed at 30◦) on a wing section model (m6) for
different numbers of output mesh points (6000, 30000 and 60000). From Fig. 6
we can see that Qr is quite high, and is stable with respect to choice of θ,
slightly improving with increased θ. Qg very slightly deteriorates as changes
of either θ or L, but is also stable at around 0.8. θ = 30◦ and L = 1.6 seems
to be a reasonable compromise and we used it in other tests.
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4.2 Benefits of topological optimization

Topological optimization (cleanup) successfully increased the Qr (from around
80% to around 90%) at the cost of a small drop in average shape quality (a
drop less than 0.02) for the wing section model (m6) with θ = 30◦ and L = 1.6.
Results on other models are similar. Finally, Fig. 7 shows two meshes produced
with 30000 mesh points using L = 1.6 and θ = 30◦.

Fig. 7. Output meshes of fish (left) and wing (right) models.
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